It is now generally accepted that in "P n.m.r. spectra of human tumours, a large so-called phosphomonoester signal is present [ 11. Phosphomonoesters include phosphorylated intermediates of glycolysis and gluconeogenesis, phosphocholine (PC) and phosphoethanolamine (PE) . Biopsy material from the liver of a child with an invasive Stage IV neuroblastoma [2] supported the hypothesis that in this case the major components contributing to the phosphomonoester signal in vivo were PC and PE. Recause both these compounds are intermediates in phospholipid biosynthesis, it has been suggested that their high concentration might be indicative of rapid cell proliferation in cancer cells [2, 31. This idea is supported by studies on phospholipid metabolism in isolated cancer cells [4] . The relative amounts of PE and PC depend not only on the tumour cell line, but also on the conditions ofgrowth [S, 61.
Recently we have shown that the large phosphomonoester component in meningiomas [7] and in breast tumours [8] in vivo consists largely of PE. The PE/PC ratio in perchloric acid extracts of surgical samples of meningiomas is 3.09 k 1.90 and 3.1 3 k 0.96 in breast tumours (R. Kalra & K. Wade, unpublished work). Extracts of lymphomatous lymph nodes also contain high concentrations of PE. This is largely responsible for the abnormal phosphomonoester signals in the "P n.m.r. spectra from patients with hepatic lymphoma [9] . This observation has been used to evaluate the extent of hepatic infiltration by lymphoma, and also provided a basis for following the response to chemotherapy.
Two fundamental questions arise out of these studies: (i) is the increase in PE and PC characteristic of neoplastic, transformed cells or does it reflect rapid cell growth? (ii) What is the mechanism for the selective enhancement of PE in some cancer cells? The regenerating liver is one of the most rapidly growing tissues available for study and as such provides a good model for investigating normal tissue growth. "P n.m.r. spectra of regenerating rat liver in vivo show increases in resonance intensities in the phosphomonoester region and ~~ Abbreviations used: PC, phosphocholine; PE, phosphoethanolamine; DAG, diacylglycerol. decreases in the phosphodiester region as early as 12 h after partial hepatectomy, the time course of the changes following the time course of the regeneration process [ 10, 111. The changes persist for 2 days, indicating that they are not only related to the initiation of regeneration but also to its maintenance. Studies of perchloric acid extracts during regeneration showed that while PC remains constant, PE increases substantially. In the phosphatidylethanolamine biosynthetic pathway there is evidence that the flux-controlling enzyme is CTP:phosphoethanolamine cytidylyltransferase, EC 2.7.7.14 [ 121. Therefore, with an increased rate of phosphatidylethanolamine synthesis in the regenerating liver as evidenced by the "P-incorporation studies [13] one might expect a decrease, rather than an increase, in the substrate of this enzyme, PE. PE may, however, also be produced by the action of phospholipase C on phosphatidylethanolamine, as shown in Fig. 1 . An attractive explanation for the n.m.r. results is that the breakdown of phosphatidylethanolamine to PI? and diacylglycerol (DAG), via a specific phospholipase C, may also act as a long-term second-messenger system for cellular proliferation during liver regeneration. DAG concentrations obtained from a group of livers at different time points after partial hepatectomy and sham operation are shown in Table 1 . These results extend the findings of Hoccino et al. [ 141 who found elevated levels of DAG in the first 2 h after partial hepatectomy.
It has recently been proposed that phosphatidylcholine metabolism may also produce second messengers such as DAG and arachidonic acid Intermediates in phospholipid metabolism are clearly involved in complex pathways and s o m e of them are important in signalling. The detailed understanding of these processes in cellular proliferation requires studies in intact cells. N.m.r. has a n important contribution to make, but only when combined with other biochemical and cell-biological approaches.
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